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FIGURE I.-Schematic diagram showing experimental injection 
well at Bay Park, Long Island, N.Y. Not to scale. 

of cement grout, 15 feet thick, was emplaced in the 
bottom of the hole. 

All casings, screens, and pipes shown in figure 1, 
plus pipes for the three dry wells, were lowered into 
the hole as a single bundle. The bundle was supported 
from above by a clamp attached to the 18-inch-diame
ter casing; the other pipes and casings were bound to 
the 18-inch casing with stainless-steel straps. After 
the bundle was in place, a filterpack consisting of very 
coarse sand and very fine gravel was emplaced in the 
annular space to a height of 11 feet above the screens. 
A layer of poorly sorted fine sand, 2-feet thick, was 
placed above the filterpack. Finally, the remainder of 
the hole was backfilled with cement grout. 

Water will be injected through the 4-inch-diameter 
injection pipe into the injection casing, and thence 
through the injection screen into the aquifer. Valves 

will be installed in the 4-inch injection pipe at the land 
surface so that the water can be introduced into the 
injection casing either at land surface or at a depth 
of 192 feet below land surface. This arrangement will 
permit making a series of experiments to study the 
effectiveness of deep injection pipes (currently used in 
many injection wells) in reducing clogging. A depth 
of 192 feet was chosen so that the injected water can be 
introduced into the injection casing about 40 feet below 
the bowls of a turbine pump that will be installed in 
the well. This will avoid the possibility of turbulence 
associated with the flow of injected water past the 
pump column and bowls. 

The l-inch-diameter pressure-measuring pipe opens 
into the injection casing at a depth of 415 feet below 
land surface, or 3 feet above the top of the injection 
screen. At land surface the l-inch pipe will be 
attached to a pressure-sensing instrument that will pro
vide a continuous record of the changes in head in the 
well during the injection experiments. The pressure
measuring pipe was designed to open into the injection 
casing as close to the injection screen as feasible in 
order to measure the injection head immediately before 
the water moves through the screen into the filterpack 
and thence into the aquifer. 

A portable geochemical-geophysical probe will be 
used in the injection screen during most of the experi
ments. This probe, with related equipment, will pro
vide a continuous record of the temperature, specific 
conductance, dissolved oxygen, pH, and Eh of the 
water immediately before it moves through the screen 
into the filterpack. In addition, corrosion probes of 
the electrical-resistance type, similar to those described 
by Clarke (1963, p. 12-29), will be lowered into the 
injection screen to measure corrosion characteristics of 
different materials that could be used in the proposed 
network of injection wells. 

The screen of the annular-space observation well is 
5 inches in diameter, and the casing and sand trap are 
each 4 inches in diameter; they are the same lengths as 
those of the injection casing, screen, and sand trap. 
The screen of the annular-space observation well is 
roughly in the middle of the filterpack-that is, about 
midway between the injection screen and the wall of 
the drill hole. Head measurements and geochemical 
data, obtained from the annular-space observation well 
by means of a geochemical-geophysical probe identical 
to the one in the injection screen, will be used to study 
clogging, related geochemical phenomena, and accom
panying head losses associated with the movement of 
water through the injection screen into the filterpack. 
If the need arises, the annular-space observation well 
will be used to add chemicals to the well. 
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The tremie pi pes, each 3 :inches in diameter, extend 
about 3 feet into the filterpack. These pipes will be 
used for continuous monitoring of the height of the 
filterpack, and, if necessary, for adding additional filter
pack material to the annular space. 

The 3 dry wells range in depth from 40 to 150 feet. 
The deepest dry well will accommodate the counter
weight of a float-operated recorder that will monitor 
the water level in the annular-space observation well. 
The other 2 dry wells are for the counterweights of 2 
instruments that will be used for monitoring the level 
of the filterpack in the tremie pipes. 

A 50-horsepower turbine pump having an intake 
setting n,t 150 feet below land surface will be installed 
:in the injection casing. The pump will be used in 
redeveloping the well after the injection experiments, 
in obtaining water samples for chemical and bacteriol
ogical analysis before and after the tests, and in study
ing the hydraulic effects of the recharge experiments 
on the well and the adjacent aquifer material-especial
ly changes in permeability caused by clogging. 

CHEMI:CAL AND PHYSICA1L PROPERTIES OF MATERIALS 
USED IN THE WELL 

The chemical properties of materials used in con
structing the well were of special concern. On Long 
Island, since 1933, the drilling of industrial wells that 
yield more than 100,000 gallons per day has been pro
hibited by law unless the water is returned to the 
ground through "diffusion" wells or other approved 
structures (Johnson, 1948, p. 1160-1161). According
ly, hundreds of recharge wells have been constructed. 
Many of them have failed because of chemical and 
biochemical reactions involving iron- that is, iron 
naturally in solution in the ground water, iron com
pounds (mainly FeS 2 ) in the aquifer materials, and 
iron :in the mild-steel casings and pumps. Thus, in 
order t9 facilitate studies of corrosion, encrustation, 
n.nd clogging-especially those involving the chemistry 
of iron-it was decided that, insofar as possible and 
practical, mild steel would not be used to construct and 
equip the experimental well. 

Materials that were considered for the casings and 
other pipes in the well were stainless steel, vinyl-coated 
aluminum, mild steel coated with chemically stable 
liners such as epoxy resin and coal-tar enamel, poly
vinyl chloride, fiberglass reinforced with epoxy or 
polyester resin (hereafter referred to as "fiberglass"), 
and asbestos cement. In addition to chemical proper
ties, the other major factors that were considered were 
the strength of the material, its adaptability for use in 
well construction, and its cost. After considering these 
and other factors, the writers decided that fiberglass 

pipe, with watertight quick-disconnect couplings, would 
be the most satisfactory material for the casings and 
for most of the other pipes of the experimental well. 
Polyvinyl-chloride pipes were chosen for the dry wells. 

The tensile strength of fiberglass pipe is closely 
related to the geometry of the fiberglass windings and is 
ordinarily much greater than that required in well 
construction. For example, the 18-inch-diameter 
fiberglass injection casing reportedly can withstand a 
pull of more than 250,000 pounds; the quick-disconnect 
couplings used to join the 40-foot lengths of 18-inch 
fiberglass pipe were designed to withstand a pull of 
100,000 pounds. Similarly, the ability of the fiberglass 
pipe to withstand internal pressure exceeds the internal 
pressures anticipated during the planned exp.eriments 
by more than an order of magnitude. The major 
element of concern regarding the strength of the 
fiberglass pipe, therefore, was its collapse pressure, or 
its ability to withstand differential external circumfer
ential pressure. 

Differential external pressure exerted on the casings 
by a given thickness of saturated porous deposits in 
which static ground-water levels are about at land 
surface (as is the case at the site of the experimental 
well) was estimated from the equation 

where 

p K(Ws-Ww)h, 
144 

P=differential external pressure, in pounds per 
square inch, 

K=a dimensionless constant dependent mainly 
on the angle of internal friction of the 
material, 

Ws=dry weight of the porous material, in pounds 
per cubic foot, 

Ww=weight of water, in lb per cu ft, and 
h= the height of the column of material, in feet. 

The dry weight of the deposits was assumed to be 
130 l b per cu .ft. As a safety factor in the design of 
the casings and pipes, it was assumed that K would be 
equal to 0.50-that is, that the casings would have to 
withstand differential external pressure equivalent to 
at least half the weight of the column of saturated 
material. Curve 1 in figure 2 shows the differential 
external pressure to which"the casings would he subject 
if the preceding assumptions are fulfilled. The curve 
shows that the maximum pressure on the bottom of the 
18-inch casing ( 418 feet below land surface) that would 
result from the weight of the overlying saturated de
posits is about 100 poun4s per square inch. 

If the injection screen should become severely clogged 
during an injection experiment, the water level in the 
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FIGURE 2.-Relation between the differential external pressures 
exerted on a casing and the height of a column of enclosing 
material. Curve 1 shows the pressure exerted by saturated 
sedimentary deposits. Curve 2 shows the pressure exerted by 
the saturated deposits plus differential hydrostatic pressure 
that would result if the well clogged during pumping (dis
charge) and the water level in the casing were drawn down 
to the pump intake. Curve 3 shows the pressure exerted by 
liquid cement grout weighing 150 lbs per cu ft. 

injection casing might decline to the level of the pump 
intake (150 feet below land surface) during the pump
ing phases of the experiment. Under this condition, 
the difference between water levels inside and outside 
the casing, equivalent to. a hydrostatic head of 150 feet, 
could cause a maximum differential external pressure 
on the casing wall of about 6.5 psi. The resulting dif
ferential pressure would increase (at a rate of about 
0.43 psi per foot of depth) from zero at the land sur
face to about 65 psi at a depth of 150 feet and would 
remain constant below that depth. The sum of the 
differential external pressure resulting from the weight 
of the saturated deposits plus that resulting from pump
ing when the screen is severely clogged is shown as 
curve 2 in figure 2. The maximum differential ·pres
sure on the lowest parts of the casings and pipes from 
these causes would be about 160 psi. 

After the annular space above the filterpack was 
filled with cement grout, only the lower few feet of the 
casings and pipes would be subjected to the pressures 
described in the foregoing paragraph; the remaining 
portions would be encased in cement and thereby would 
be protected. During the grouting procedure, however, 
the casings and pipes below a depth of 150 feet 
could have been subjected to an even greater pressure 
than that shown in curve 2 of figure 2. Before the 
cement hardened, the column of grout, which might 
weigh as much as 150 lb per cu ft, could have caused a 
differential pressure of about 0.6 .Psi per foot qf column, 

or about 260 psi at the bottom of the casing (curve 3 of 
figure 2). 

If the fiberglass pipe is assumed to have the physical 
properties of a thin-walled elastic tube, the collapse 
pressure (the differential external pressure at which the 
pipe would fail) can be computed from the equation 
(Roark, 1965, p. 354) 

where 

O=collapse pressure, in psi, 
E= bulk modulus of elasticity, in pounds per square 

inch, 
,u=Poisson's ratio, 
t=wall thickness of the pipe, in inches, and 
r=radius of the pipe, in inches. 

The bulk modulus of elasticity of the fiberglass pipe 
used in the well is about 4 million psi; Poisson's ratio 
for the material is about 0.20. 

It is apparent from the formula that the collapse 
pressure of the fiberglass pipe is directly proportional 
to the cube of the wall thickness and is inversely pro
portional to the cube of the radius of the pipe. Inas
much as the cost of the fiberglass pipe is roughly pro
portional to the volume of fiberglass and resin, the use 
of pipes having th~ smallest possible wall thickness 
consistent with the collapse-pressure requirements was 
advantageous. Therefore, the contractor was required 
to pour the cement grout in two distinct phases
allowing sufficient time for the first batch to harden 
before adding the remainder of the cement. The 
casings and pipes were thereby subjected to only half 
the differential external pressure (about 130 psi) that 
would have resulted if the entire column of cement 
grout had been poured at one time and if the entire 
column had remained fluid for a finite period of time. 

The wall thicknesses, computed collapse pressures, 
and other pertinent data regarding the fiberglass casing 
and pipes are summarized in table 1. The 18-inch 

TABLE I.-Dimensions and collapse pressures of fiberglass pipes 
?.tsed in the Bay Park experimental injection well 

Nominal Wall Collapse 
Designation of pipe diameter thickness pressure 

(inches) (inches) (psi) 

Injection casing _________________ 18 0. 55 240 
Annular-space observation-well 

casing ________________________ 4 15 440 
Injection pipe ___________________ 4 12 220 
Tremie pipes ____________________ 3 .11 405 
Pressure-measuring pipe __________ 1 1• 06 1,800 

I Standard wall thickness available from the factory. 
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casing was made of fiberglass reinforced with polyester 
resin; the other casing and pipes listed in the table 
were made of fiberglass reinforced with epoxy resin. 

The screens of the injection well and the annular
space observation w·ell are of the continuous wire
wrapped type and are made of type-304 stainless steel. 
The sand traps and the related fittings are also made 
of type-304 stainless steel. The slot sizes of the screens 
are 0.060 inch. This size was chosen in order to retain 
about 80 percent of the filterpack, which consists of 
n.bout 71 percent very coarse sand and about 28 percent 
very .fine grn vel. The filterpack consists almost entire
ly of subrounded, moderately spherical particles of 
quartz, chert, and quartzite; it has a very high labora
tory coefficient of permeability-about 18,000 gallons 
per day per sqmtre foot. Preliminary pumping-test 
data indicate that the screen and gravel pack are high
ly efficient and that well losses are minimal. The well 
had a specific capacity of 35 gallons per minute per 
foot of drawdown after 8 hours of pumping at a rate 
of 1,000 gpm. ·During development, the well had simi
lar specific capacities after somewhat shorter periods 
of pumping at various rates ranging up to about 2,500 
gpm. Even at the highest rate of pumping, the well 
yielded water that was virtually sediment free after 
only a few days of development. 

Clarke (1963, p. 39) describes a successful experi
mental, gun-perforated small-diameter, fiberglass well, 
1,000 feet in depth, in Libya. In addition, more than 

400 wells equipped with 10-inch-diameter fiberglass 
casings and saw-slotted fiberglass screens reportedly 
have been completed in Pakistan during 1964-65. To 
the best of the writers' knowledge, however, the ex
perimental well described in this report is the first 
water well constructed in the 'Vestern :tlemisphere that 
has a fiberglass casing; and, the only water well in the 
world (as of 1965) that has multiple fiberglass casings 
and pi pes, and a fiberglass casing as large as 18 inches 
in diameter. 

Despite the fact that fiberglass presently is 2 to 4 
times more expensive than mild steel, its use in experi
mental wells involving multiple casings and complex 
construction problems, and its use in special-purpose 
wells in highly corr,osive environments, seems to be 
justified on the basis of the experience gained during 
the construction of the Bay Park injection well. 
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FLUOROMETRIC ANALYSIS OF THE ALUMINUM ION IN NATURAL WATERS 

Bv DONALD E. DONALDSON, Menlo Park, Calif. 

Abstract.-Aluminum ions combine with Pontachrome Blue 
Black R (PBBR) at a pH of 4.8 to form a fluorescent complex 
which serves for quantitative determination of aluminum. 'l'he 
method is sensitive to 0.002 ppm of aluminum. Up to 8 ppm of 
fluoride can be tolerated. Bathophenanthroline retards the 
ferrous and ferric ions. The amount of dye necessary to com
plex the mqst concentrated alup1inl.lm standar\1. wa~ 0.50 ,mg 
per 50 ml solution. The Al-PBBR complex reaches full fluor
escent development in 65 minutes. The interfering ions in the 
determination of aluminum by this method are Fe, Ga, Co, UOa, 
Cu, Ti, and Ni. 

PREVIOUS FLUOROMETRIC INVESTIGATIONS ON 
ALUMINUM 

The fluorescence resulting from the presence of alu
minum in solutions containing certain organic dyes 
offers promise for the quantitative determination of 
small concentrations of aluminum. Weissler and 
'Vhite ( 1946) reported that Pontachrome Blue Black 
R (PBBR) is suitable for a fluorescent reagent for the 
quantitative measurement of aluminum in steel, bronze, 
and minerals. Simons and others ( 1953) used the same 
reagent to measure parts per billion aluminum content 
in the surface waters of the Gulf of Mexico and the 
Atlantic Ocean. Will (1961) reported that the dye 
material, morin (2' ,3,4' ,5,7) -pentahydroxyflavone), was 
a useful reagent for the measurement of aluminum in 
the parts per billion range in high-purity boiler con
densates. Rub ins and Hagstrom ( 1959) reported using 
8-quinolinol in the quantitative determination of alu
minum in plant tissue. 

The morin and PBBR dyes have both been used 
for determining small quantities of aluminum in natu
ral waters. The morin reagent is more sensitive to 
aluminum than is PBBR; however, as is mentioned 
by White and Lowe (1940), the morin method requires 
more control over the concentration of dye, tempera
ture, and pH than is needed for PBBR. Will (1961) 
reported that low concentrations of fluoride. and phos
phate, 5 ppb and 20 ppb, respectively, interfere in the 
morin method. The Pontachrome procedure was 

judged superior because it is less subject to fluoride 
and phosphate interference. Both methods are sub
ject to interference .from iron. A method of overcom
ing this interference for the PBBR procedure has been 
developed. 

APPARATUS AND REAGENTS 

A Turner fluorometer, model 111 was us~d to make 
the fluorometric measurements. The instrument was 
equipped with a general-purpose ultraviolet lamp. A 
Turner 1-60 +58 filter combination was used for exci
tation ( 546 millimicrons) and a Turner filter No. 23A 
( 570 mf-t) was used for fluorescence. Calibrated pyrex 
test tubes (12 mm X 75 mm) were used for sample 
cells in the instrument. 

Measurements of pH were made with Beckman 
models Nand M4C radiometer pH meters. 

All O'lassware was washed in hot water with deter-o 
O'ent and thoroucrhly rinsed with distilled water. The 
b b 

O'lassware was then treated with 1:1 reagent-grade hy-o 
drochloric acid, rinsed with distilled water, and finally 
with de-ionized water. Special attention to cleaning 
is necessary in trace constituent work to obtain con
sistent results. 
De-ionized water. The water used to prepare all solutions was 

first distilled in a Barnstead still and then passed through an 
Amberlite MB-1 ion-exchange resin. 

Aluminum stock solution. 1 milliliter = 10 micrograms of Al+ 3
• 

Dissolve 0.1758 grams of reagent grade AlK(S04 ) 2 ·12H2 0 in 
de-ionized water containing 1-2 ml of concentrated sulfuric 
acid. Dilute to 1 liter. 

Aluminum working solution. 1 ml = 1.0 p..g of Al+:l. Dilute 10 
ml of the aluminum stocl\: solution of 100 ml with de-ionized 
water. A fresh solution was prepared prior to each analysis. 

Acetic acid, 0.885111. Dilute 200 ml of reagent-grade glacial 
acetic acid to 4 liters with de-ionized water. 

Ammonium acetate, 6.49M. Dissolve 500 g of reagent-grade 
ammonium acetate in 1 liter of de-ionized water. 

Ethyl alcohol, 95 percent. Redistilled in an aU-glass still. Un
distilled ethyl alcohol contains trace contaminants which in 
turn fluoresce at the wavelengths employed in the analysis. 
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Bathophenanthroline, 0.001511£. Dissolve 125 milligrams of 
bathophenanthroline (G. :F'. Smith Chemical Co., Columbus, 
Ohio) in 250 ml of 95-percent distilled ethyl alcohol. Store 
in refrigerator. 'l'he solution is stable for approximately n 
month under these conditions. 

Pontachrome Blue Black R, 1 ml=1.00 mg. Dissolve 1.000 g of 
reagent-grnde Pontachrome Blue Black R (E. I. DuPont de 
Nemours and Co., 'Vilmington, Del.) in 1 liter of distilled 
ethyl alcohol. This solution is stable for several months. As 
a substitute, Superchrome Blue B Extra (National Aniline 
Div.) was tested and found to be suitable for the procedure. 
'l'he DuPont company also manufactures Pontachrome Blue 

Black RM which is reportedly the same as PBBR. 

AN·AL YTICAL PROCEDURE 

1. Pipet a volume of sample containing less than 5.0 p,g of Al+3 

(25 ml maximum) into a 100-ml beaker. 
2. Prepnre two nluminum-free blanks from de-ionized water 

and sutficien t standards ( 1.0 p,g to 5.0 p,g of Al +3) . 

3. Add 5.0 ml of 0.885M acetic acid to each solution and heat 
for 2 hours just below the boiling temperature on a hotplate. 

4. Cool the solutions to room temperature and add 1.0 ml of 
6.49.M ammonium acetate solution. The pH of the solutions 
should be between 4.6 and 4.8. If necessary, adjust the pH 
with 0.885M acetic acid. 

5. Transfer each solution quantitatively into a 50-ml volu
metric flask. 

6. If iron is present, add 0.5 ml of 0.0015M bathophenanthro
linc. In the presence of iron, bathophenanthrolinc will yield 
n. reddish color. 

7. To each of the solutions add 0.5 ml of PBBR solution and 
bring all volumes to the 50-ml mark with de-ionized water 
and mix thoroughly. 

8. Allow all the solutions to stand for 2 hours at room tempera
ture. The Al-PBBR complex is stabl.c for at .least a week. 

!). Measure the fluorescence intensity of each solution using 
the described filter system. 

10. Plot fluorescence intensity readings against the aluminum 
concentration of standards and calculate aluminum concen
trations of samples from the curve. 

Typical fluorescence readings of standards arc 

l'g Al +3/50 ml Fluorescent intensity (slit X 16) 

0. 0--------------------------- 2. 0 
1. o___________________________ 19.0 
2. o___________________________ 38.0 
3.0___________________________ 52.0 
4. o ________________________ .___ 68 
5. o_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 86 

· FACTO.RS A.FFECTING :FLUORESCENCE 

Ana.lytical methods based on fluorescence excited by 
ultraviolet radiation are subject to interferences which 
may either increase or decrease the fluorescence inten
sity. The amounts of reagents, pH, and ti'me of stand
ing after addition of reagents also may influence the 
results. Optimum conditions for the PBBR procedure 
have been determined by experiments. 

FluoTescence as a function of dye concentration.
Two series of samples were prepared in 50-ml volume-

tric flasks using constant amounts of aluminum ( 4.0 
J.L.g of AI+ 3 ). The pH in one group was adjusted to 4.80 
with ammonium acetate and acetic acid. In ihe other 
group, the pH was adjusted to 4.55. The dye concen
tration was varied from sample to sample, so as to 
give a range of 0.0 mg to 1.25 mg. After 2 hours 
standing, fluorescence was attained using 0.25 .mg to 
0.50 mg of dye at pH 4.80. At pH 4.55, maximum 
fluorescence was reached between 0.35 mg and 0.60 mg. 

Fl/uores(]ence as a function of pH.-Twelve solutions 
were prepared; each solution contained an equal amount 
of aluminum ( 4.0 J.Lg of Al + 3

). The pH of the samples 
was adjusted to values ranging from 4.0 to 6.0 . with 
varying amounts of acetic acid and ammonium acetate. 
The solution~ were then treated with 0.5 mg of PBBR 
solution, made up to 50 ml, and allowed to .stand 2 
hours. The pH and fluorescence of each sample was 
then measured. under these conditions, the optimum 
pH is between 4.6 and 4.8. 

Fluorescence as a function of time.-Five test solu
tions were prepared according to the analytical proce- · 
dure. The first of the test solutions contained 0.25 
mg of PBBR dye, the second, 0.50 mg, the third, 0.75 
mg, the fourth, 1.00 mg, and the fifth, 1.24 mg. The 
samples were allowed to stand 15 minutes prior to the 
initial reading. The time required for stability of 
fluorescence was approximately 50 minutes for those 
samples containing 0.50 mg to, 0.75 mg of dye. ~hEt 
fluorescence of the sample containing 0.25 mg c.on
tinued to increase and finally went off the scale. For 
concentrations of 1.0 mg to 1.25 mg of PBBR, the sys
tem ·stabilized at approximately 65 minutes. After. 
these 2 solutions had stood 168 hours, the fluorescence 
measured was nearly the same as at 65 minutes. 

The effect of interfering ions on fiuoTescenae.
W eissler and White ( 1946) reported that ferric ions 
destroy the fll}.orescence produced by the Al-PBBR 
complex. They overcame the interference of iron as 
well q,s that of copper, nickel, chromium, and cobalt 
by mercury cathode electrolysis. Ishibashi and others 
(1957) reported that other interfering ions in the 
Pontachrome ·Bl-ue Black R .method were Fe+3 , Ga, 
Co, and vanadic acid, and that large .amounts of Cu,, Ti, 
an<;l Ni interfere seriously. Poss.idoni de Albinati 
·( 19(33) stu~ied t~1e. effects of 70 different elements on 
th~ .. PBBR method. Ainong those ions creating a 
serious problem were Cu+\ Fe+3

, Fe+2 , Co+2, N02-I, 
Bi+\ and F-1

• Amounts of most of these ions that 
occur commonly in natural waters are too small to 
merit concern. However, ferrous and ferric iron may 
constitute serious interferences. Of the two iron spe
cies, the ferrous iron appears to have a more disturb
ing influence on the system. Bathophenanthroline and 



D260 ANALYSIS OF WATER 

TABLE 1.-The effects of bathophenanthroline on aluminum 
recovery in the presence of iron 

Bathophen- Al+3 Al+3 
Ratio anthroline added ~g) recovered ~g) 

0.0015M (ml) 
-----·-------1----·1-----1----·--

AI+a:Fe+3 
1:20 __________________ _ 
1:20 __________________ _ 
1:20 __________________ _ 

1:5--------------------1:10 __________________ _ 
1:15 __________________ _ 
1:20 __________________ _ 
1:25 __________________ _ 
1:30 __________________ _ 

Al-ta: Fe+2 

1:5--------------------1:10 __________________ _ 
1:15 __________________ _ 
1:20 __________________ _ 
1:25 __________________ _ 
1:30 __________________ _ 

1:5--------------------1:5 ___________________ _ 
1:15 __________________ _ 

0 
0 
.5 

0 
0 
0 
0 
0 
0 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

.5 

0. 50 
. 50 
. 50 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1.0 
1.0 
1.0 

0. 36 
. 44 
. 52 

1. 18 
1. 35 
1. 35 
1. 23 
. 80 
. 19 

. 98 

. 98 

. 98 

. 98 

. 95 

. 86 

. 91 

. 97 
1.0 

TABLE 2.-Tolerance to diverse ions in the aluminum determination 
byPBBR 

Maximum Maximum 
Ion tolerance Ion tolerance 

{ppm) (ppm) 

Boron ___________ 100 Manganese _______ 4. 0 
Ca1cium _________ 800 Strontium _______ 250 
Fluoride _________ 8. 0 Sulfate __________ 1,000 
Magnesium ______ 200 Nitrate __________ 40 
Potassium _______ 1, 000 Phosphate _______ 8 
Sodium __________ 1, 000 

possibly tartaric acid can be used to decrease the inter
ference of iron, as illustrated in table 1. The experi
mental data shows that bathophenanthroline will elim
inate interference from iron when the ratio Fe/ AI is 
as great as 25. 

Table 2 indicates the maximum concentrations of 
other elements normally found in natural waters which 
may be tolerated in the aluminum determination by 
PBBR. 

SOlUTIONS OF ALUMINUM HYDROXIDE POLYMER 

Most procedures for determining aluminum fail 
when the element is present as a hydroxide polymer. 
To obtain the aluminum hydroxide polymer, a solu
tion of aluminum perchlorate was treated with. sodium 
hydroxide in an amount sufficient to give a ratio of 
aluminum combined to OH-1 of slightly over 1 :3. 
After this material was aged for 10 days, the solution 
was free from any visible precipitate or turbidity. 

The solution at the time of preparation contained 12.4 
parts per million of aluminum. The pH of the solu
tion at the time of analysis was 6.25. To determine 
the .amount of aluminum present, 1-ml aliquots of the 
aged solution were pipetted into a series of thirteen 
100-ml beakers. Acetic acid, 0.6M, was added in vary
ing amounts to the last 10 samples of the test group. 
The first three samples contained no acid, only test 
solution. The samples were treated with enough de
ionized water to bring all volumes to approximately 
80 ml. All solutions, including those not treated with 
acid, were heated on a hot plate 2 hours and cooled to 
room temperature. The samples were transferred 
quantitatively to 100-ml volumetric flasks and diluted 
to mark with de-ionized water. Fluorometric analysis 
was performed on the samples to measure the alumi
num present. The results in table 3 show that approx
imately one-sixth of the aluminum originally present 
was determined in the unacidified samples, but that 
the acid and heat treatment generally brought all or 
most of the aluminum to a state where it could be 
determined. 

TABLE 3.-The effects of varying amounts of 0.6M acetic acid on 
the aluminum hydroxide polymer 

Sample 

1 _______________________ _ 
2 _______________________ _ 
3 _______________________ _ 

4------------------------5 _______________________ _ 
6 _______________________ _ 
7 _______________________ _ 

8------------------------9 _______________________ _ 
10 ______________________ _ 
11 ______________________ _ 
12 ______________________ _ 
13 ______________________ _ 

0.6M acetic AlH AlH re-
acid (ml) present (ppm) covered (ppm) 

0 
0 
0 

10 
20 
30 
40 

5 
15 
25 
40 
60 
80 

12. 4 
12. 4 
12. 4 
12.4 
12. 4 
12. 4 
12. 4 
12. 4 
12. 4 
12. 4 
12. 4 
12.4 
12. 4 

1.8 
2. 0 
1.8 

12. 2 
12.4 
11. 6 
12. 4 
10. 0 
12.4 
10. g 
12. 4 
11. 4 
12. 8 

EXPERIMENTAL RESU'L TS 

Recovery of added alwminum by PBBR.-An ex
periment was performed to determine the aluminum 
recoverable from spiked tap water using the described 
analytical procedure. Eight solutions were prepared 
using tap water as the diluting agent. The pH of 
the samples prior to the addition of varying amounts 
of aluminum was 8.9. The first solution was analyzed 
to determine the amount of aluminum present. To 
the other 7 solutions varying amounts of aluminum 
were added so that a range of 0.01 ppm to 1.0 ppm 
of Al+3 existed. Fluorometric analysis indicated that 
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TABLE 4.-Recovery of added ·aluminum by PBBR from spiked TABLE 5.-Fluorometric analysis versus spectrophotometrt~c analysis 
tap ·water [Results in parts per million of Al+3] 

Al+a Al+3 Al+3 AI+a 
Sample ad dod recovered Sample added recovered 

(ppm) (ppm) (ppm) (ppm) 

l _________ 
0. 000 0. 006 

6 _________ 
0. 070 0. 072 2 _________ 

. 010 . 016 
7 _________ 

. 100 . 102 3 _________ 
. 020 . 025 

s _________ 
.150 . 161 4 _________ 

. 040 . 046 
g _________ 

1. 000 . 950 5 _________ 
. 060 . 060 

0.006 ppm of Al+3 was present in the tap water ini
tially (table 4). 

Fluorometria analysis versus spectrophotometric 
analysis.-Three samples containing unknown amounts 
of aluminum were analyzed by three chemists. One 
chemist determined aluminum· on the three unknown 
solutions using the Ferron procedure as described by 
Rainwater and Thatcher (1960, p. 97). Another 
chemist used Eriochrome Cyanine RC. A third chem
ist measured aluminum using two different fluoro
metric procedures, namely, the Pontachrome (PBBR) 
method and the morin method. The results are shown 
in table 5. 

CONCLUSIONS 

The fluorometric determination of aluminum using 
Pontachrome Blue Black R has proved to be a reliable 
and sensitive method. The minimum detectable concen
tration of aluminum is 0.002 ppm. The procedure 
is simple and rapid. Consistency in the addition of 
the reagents, control of pH, and time regulation 
have led to reproducible and accurate results. 

Spectro-
photometric Fluorometric analysis 

Sample analysis Eriochrome 
Cyanine RC 

Ferron PBBR Morin 
----
1 ______________ 

0. 14 0. 17 0. 16 0. 18 2 ______________ 
. 32 . 23 . 31 . 33 3 ______________ 

1. 20 1. 20 1. 21 1. 21 
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